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Abstract
A mixture of acetic anhydride is reacted with excess water in an adiabatic batch reactor to form an exothermic
reaction. The concentration of acetic anhydride and the temperature inside the adiabatic batch reactor are
calculated with an initial temperature of 20°C, an initial temperature of 30°C, and with a cooling jacket
maintaining the temperature at a constant of 20°C. The graphs of the three different scenarios show that the
highest temperatures will cause the reaction to occur faster.
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PROBLEM STATEMENT 
Hydrolysis of acetic anhydride occurs in the following manner: 
 (𝐶𝐻3𝐶𝑂)2𝑂 + 𝐻2𝑂 → 2 𝐶𝐻3𝐶𝑂𝑂𝐻 (1) 
The goal of this project is to determine the reaction time needed for the hydrolysis of acetic 
anhydrate in an adiabatic batch reactor. A batch reactor is one in which the reactants are inserted 
into the reactor and the reactants are left uninterrupted until the process has ended. An adiabatic 
batch reactor is insulated in order to prevent any heat exchange with its surroundings. The 
reaction is a second order chemical reaction, but due to the fact that it will be run with large 
amounts of 𝐻2𝑂 it gains the ability to act as a pseudo-first order reaction. 
The adiabatic batch reactor model for the disappearance of acetic anhydride (A): 
 
𝑑𝐶𝐴
𝑑𝑡
= −𝑘𝐶𝐴 (2) 
In this equation  𝐶𝐴  is the variable for the acetic anhydrate in  𝑘𝑚𝑜𝑙/𝑚
3,  𝑡  is the time in 
minutes, and  𝑘  is the reaction rate constant. The reaction rate constant will be: 
 𝑘 = 𝑘0𝑒
−𝑎/𝑇 (3) 
where  𝑇  is the temperature in Kelvin,  𝑘0 =  24.15 × 10
6/𝑚𝑖𝑛  and  𝑎 = 5,627 𝐾. 
The equation for the energy balance: 
 
𝑑𝑇
𝑑𝑡
= −
𝑘 𝐶𝐴 ∆𝐻
𝜌 𝐶𝑝
 (4) 
where  ∆𝐻 = −209,000 𝑘𝐽/𝑘𝑚𝑜𝑙  is the heat released by the reaction,  𝑝 = 1050 𝑘𝑔/𝑚3  and 
𝐶𝑝 = 3.8 𝑘𝐽/𝑘𝑔𝐾  are the density and heat capacity of the reaction mixture, respectively. The 
initial concentration of acetic anhydride in the reactor is  𝐶𝐴
0 = 0.5 𝑘𝑚𝑜𝑙/𝑚3.  Assume an initial 
temperature of  20°𝐶. 
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We determine the time required to reach  95%  conversion of acetic anhydride for an 
initial temperature of  20°𝐶.  How would this change if the starting temperature was  30°𝐶?  
How long would it take to reach  95%  conversion if a cooling jacket was used to maintain the 
temperature at  20°𝐶  during the reaction?  Conversion  𝑥  is defined as: 
 𝑥 =
𝐶𝐴
0 − 𝐶𝑝
𝐶𝐴
0   . (5) 
MOTIVATION 
Accurately identifying the temperature reached and concentration of reactants left in an adiabatic 
batch reactor is relevant to fields pertaining to the prediction of temperatures in chemical 
reactions, such as chemical engineering and process engineering. Batch reactors are also used in 
small scale laboratory applications, for instance, the production and inducting of fermentation of 
beverage products. Batch reactors are greatly used in the field of waste water treatment because 
of their effectiveness in reducing the biological oxygen demand of waste water. 
The goal of this project is to find the temperature and concentration of acetic anhydride in 
the adiabatic batch reactor, where the initial concentration is  0.5 𝑘𝑚𝑜𝑙/𝑚3.  The model will be 
run at an initial temperature of  20°𝐶,  30°𝐶  and  20°𝐶  with a cooling jacket for the batch 
reactor to maintain a constant temperature. 
MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH 
What makes this project non-trivial is the need to solve both equation (2) and (4) simultaneously. 
Since the reaction is exothermic, heat will be released and the temperature inside the adiabatic 
reactor will increase (Fritzler, Dharmavaram and Hartrim). Equation (2) has two variables; 𝐶𝐴, 
which is dependent directly to time, and  𝑘,  which is directly dependent on temperature, which 
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in turn is directly dependent on time because of the equation (4). Thus the reaction constant, 𝑘, is 
indirectly dependent on time, hence the following would be a better representation of the 
equation: 
 
𝑑𝐶𝐴
𝑑𝑡
= −𝑘 [𝑇(𝑡)] 𝐶𝐴(𝑡)  . (6) 
Equation (6) cannot be solved by integration because it has two variables that are either 
implicitly or explicitly dependent on time. The same reason applies to the second equation, in 
which  𝑘  is implicitly dependent on time, and 𝐶𝐴 directly dependent on time. Furthermore, 
equation (6) cannot be solved by simple integration. A better representation of equation (6) is: 
 
𝑑𝑇
𝑑𝑡
= −𝑘 [𝑇(𝑡)] 𝐶𝐴(𝑡) 
∆𝐻
𝑝 𝐶𝑝
 . (7) 
Before solving equation (6) and (7) there is a need to find the initial reaction rate. This can be 
found by using equation (3), thus we have: 
 𝑘 = 𝑘0 𝑒
−𝑎/𝑇 = (24,150,000) 𝑒−(5,267)/(293.15) = 0.111341/𝑚𝑖𝑛. (8) 
Equation (8) gives the rate of the initial reaction, which allows us to start solving equation (6) 
and (7) by using Euler’s method (James). 
 𝑦′(𝑡) = 𝑓(𝑡, 𝑦), 𝑦(𝑡0) = 𝑦0, 𝑦𝑛+1 = 𝑦𝑛 + ∆𝑡 𝑓(𝑡𝑛, 𝑦𝑛) (9) 
The  ∆𝑡  denotes the change in time,  𝑡𝑛  denotes the current value time value of the equation,  𝑦𝑛  
denotes the current value of the function at time  𝑛, and  𝑦𝑛+1  denotes the value of the function 
at time  𝑛 + 1.  The next step in this problem is to solve equation (6) by using Euler’s method 
and substituting the values of  𝑘.  To approximate equation (6), one needs to use Euler’s method, 
the following equation is thus obtained: 
 𝐶𝐴(𝑡𝑛+1) = 𝐶𝐴(𝑡𝑛) − 𝑘 [𝑇(𝑡)] 𝐶𝐴(𝑡𝑛) ∆𝑡 (10) 
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By using equation (10) the value of the concentration for the first time step can be found. As a 
reminder, the initial concentration is  𝐶𝐴 = 0.5 𝑘𝑚𝑜𝑙/𝑚
3  and the change in time is  ∆𝑡 = 0.05: 
 𝐶𝐴(𝑡𝑛+1) = 0.05 − (0.111341)(0.5)(0.05) = 0.497216  𝑘𝑚𝑜𝑙/𝑚
3 (11) 
This is the value of the concentration at  𝑡 = 0.05.  By using this value the approximation for 
temperature can be found. The first step to finding the temperature is to approximate the value 
for equation (7) by using Euler’s method (9). The formula derived is the following: 
 𝑇(𝑡𝑛+1) = 𝑇(𝑡𝑛) − 𝑘 [𝑇(𝑡𝑛)] 𝐶𝐴(𝑡𝑛) 
∆𝐻
𝑝 𝐶𝑝
 ∆𝑡 . (12) 
The initial temperature,  𝑇0,  is  293.15 𝐾  and 
 𝑇1 = 293.15 − (0.111341)(0.497216)
(−209,000)
(1,050)(3.8)
 (0.05). (13) 
This model shows the temperature approximation for time  ∆𝑡 = 0.05  minute. The method of 
approximation would continue, by finding the new reaction constant,  𝑘  by using equation (8), 
which would then be substituted into equation (10) to obtain the concentration, 𝐶𝐴. Lastly the 
value for the concentration and reaction constant are substituted into equation (12) to find the 
temperature. By following this procedure for every value, one is able to approximate the time it 
will take for  95%  of the reactants to convert. To find the  95%  conversion concentration a 
rewritten form of equation (5) is used: 
 𝑥 =
𝐶𝐴
0 − 𝐶𝐴
𝐶𝐴
0    ⟹   𝐶𝐴 = (1 − 𝑥) 𝐶𝐴
0 = (1 − 0.95)(0.5) = 0.025 𝑘𝑚𝑜𝑙/𝑚3 (14) 
The value obtained in equation (14) gives us the end concentration for the model. By following 
this model the final temperature, time and reaction constant is found. Based on the values found 
by following Euler’s method with an initial temperature of 20°𝐶, the following graphs were 
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found for temperature and concentration with respect to time. The data tables for the following 
graphs can be found in Appendix 1, Section A. 
 
Figure 1:  Adiabatic batch reactor reactant 
concentration with respect to time with an initial 
temperature of 20°𝐶. 
 
Figure 2:  Adiabatic batch reactor temperature 
reached with respect to time with an initial 
temperature of 20°𝐶 approximation by using 
Euler’s method. 
The same procedure was used for the reaction to occur at an initial temperature of 30°𝐶, 
or 303.15 𝐾. The graphs for concentration and temperature with respect to time are as follows. 
The table values for the following graphs can be found in Appendix 1, Section B. 
 
Figure 3:  Adiabatic batch reactor reactant 
concentration with respect to time with an initial 
temperature of 30°𝐶. 
 
Figure 4:  Adiabatic batch reactor temperature 
reached with respect to time with an initial 
temperature of 30°𝐶 approximation by using 
Euler’s method. 
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Figure 5:  Adiabatic batch reactor with a cooling jacket concentration of reactants at a constant 
temperature of 20°𝐶. 
The model was also run using an adiabatic batch reactor with a cooling jacket to maintain 
the temperature at 20°𝐶. For this model only the graph of the concentration with respect to time 
will be shown because the temperature was maintained at a constant of 293.15 𝐾 or 20°𝐶. 
Lastly, for ease of comparison, the concentration of all three models and the temperature 
of the first two models are displayed. 
 
Figure 6:  Adiabatic batch reactor concentrations 
at initial 30°𝐶, 20°𝐶, and constant 20°𝐶. 
 
Figure 7:  Adiabatic batch reactor temperature 
elevations with initial temperature 20°𝐶 and 30°𝐶. 
The table of values for this graph can be found in Appendix A, section C. 
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DISCUSSION 
The results obtained from Euler’s marching method were unsurprising. The highest initial 
temperature, 30°𝐶, had the shortest reaction time and highest reaction rate. This reaction only 
took 5.55 minutes, compared to the slower 20°𝐶 initial model which took 9.85 minutes to reach 
the point of 95% reacted. The model with a constant temperature of 20°𝐶 took 26.85 minutes, 
and was the slowest. 
According to the Kinetic Molecular Theory of Matter, the higher kinetic energy 
possessed by a substance translates to the particles of that substance having a greater probability 
of colliding with one another. The greater number of collisions increases the probability of the 
molecules colliding in the ideal manner, thus forming more products at a faster rate than the 
same reaction at a lower temperature. 
The fact that the higher temperature transcribes into faster reaction rates is evident in the 
time taken in all three models for concentration to reach its minimum. The slowest reaction 
occurred in a constant 20°𝐶, or 293.15 𝐾, the lowest temperature, further affirming that the 
energy of the reaction is the deciding factor in concluding the reaction rate. 
Moreover, the release of heat in both models, initial 20°𝐶 and initial 30°𝐶, is equal, 
although the reaction times are different. The final temperature of the model with a temperature 
initiated at 20°𝐶, or  293.15°𝐾, is  311.1249°𝐾,  and for the model with a temperature initiated 
at 30°𝐶, or  303.15°𝐾,  the final temperature is  321.5528°𝐾.  The difference between the final 
temperatures of these two models is equal to the initial temperature difference between them. 
This is true because the change in temperature in units of Kelvin is equal to the change in 
temperature in units of Celsius. The equal change in temperature in both models illustrates how 
the reaction will release the same amount of heat, disregarding the rate of the reaction and the 
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temperature it is conducted in. The tables of values for the end temperatures are included in 
Appendix A, Section A, B, C. 
CONCLUSION AND RECOMMENDATIONS 
The fastest reaction occurred when the model of the adiabatic batch reactor was launched at a 
temperature of 30°𝐶. This is expected because the higher temperature allows for the rate of the 
reaction to increase faster than the reaction rate in the other two models. The lowest temperature 
model, the constant 20°𝐶, provided the slowest reaction.  Additionally, the model that had the 
second highest temperature reached, initiated at 20°𝐶, occurred the second fastest. 
Furthermore, a fact that requires attention is the change in heat of the reactions. Both 
reactions released enough heat to increase the temperature of the adiabatic batch reactor by 25 𝐾 
(Asiedu and Hildebrandt). This phenomenon shows that the rate of the reaction is irrelevant 
regarding the total release of heat, and that the heat released will be equal regardless of the 
temperature the reaction is started in. 
Recommendations for future projects would be to resolve the hydrolysis of acetic 
anhydrate using Heun’s method, instead of Euler’s. This will provide more accurate results 
compared to that of Euler’s method. Additionally, one could possibly increase the initial 
concentration of acetic anhydride in the reactor to see if the reaction constant will plateau after a 
certain amount of time.   
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NOMENCLATURE 
Symbol Description Value 
𝐶𝐴
0 Initial concentration of acetic anhydrate kmol/m3 
∆𝑡 Time step in Euler’s method min 
𝑘 Reaction Constant min-1 
∆𝐻 Heat of reaction kj/mol 
𝑝 Density of the mixture kg/m3 
𝐶𝑝 Heat capacity of the mixture kj /kgK 
𝐶𝐴 Concentration of acetic anhydrate at a specific time kmol/m
3 
𝑇0 Initial Temperature K or 
oC 
𝑇1 Next approximated temperature for time 1 K or 
oC 
𝑘0 Rate of reaction constant min
-1  
𝑎 Constant in the reaction constant equation K 
𝑦′(𝑡) Derivative of the function with respect to t  
𝑦𝑛 Value of the function at t= n  
𝑦𝑛+1 Value of the function at t = (n+1)  
𝐶𝐴(𝑡𝑛+1) The value of the concentration in the next time step  
𝑇(𝑡𝑛+1) The value of the temperature in the next time step  
𝐶𝐴(𝑡𝑛) Concentration at time n  
𝑘[𝑇(𝑡)] Concentration at a certain temperature at a certain time  
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